Abstract: Revolutionary attitude of researchers to invent and develop decision-making support tools has been increased for years. Effective methods and models are created to fulfil experts, engineers and managers skill for better and distinct solution. This paper proposes two new multi-attribute decisionmaking methods to indicate applicability and performance of them in area of design and material. Factor relationship (FARE) is introduced for first time in material evaluation field to elaborate weights of material criteria. This method resolves the problem of pairwise comparison judgement which naturally happens for decision makers and addresses more accurate rate of decision criteria. In order to assess materials and sort them according their performance and technical properties, weighted aggregated sum product assessment (WASPAS) method is acquired. The proposed approach is applied in hard magnetic material selection. In the final part of the paper, some tests (e.g., using normalisation tool and correlation coefficient) are handled to conform and validate obtained results.
Introduction
Efficient manufacturing systems and productive manufacturers are recognised those ones who are leaders in connecting engineering design objectives and parameters to the material dimensions and properties. To form a product, it is essential for materials to pass several tests satisfying qualitative/quantitative measures. In fact, for the production-based organisations it is significant to explore novel ways to enhance their productivity through updated technologies and proven attitudes. In this aspect and in particular, the choice of a material becomes a critical and strategic problem. Selecting excellent material among pool of feasible alternatives, each having various characteristics and applications, is a complex operation that requires a clear understanding of the functional requirements for each individual component and a detailed knowledge of the considered criteria for a specific engineering design (Bahraminasab and Jahan, 2011; Yazdani and Payam, 2015; Ashby and Johnson, 2013) . Several criteria (attributes) should be analysed and assessed in order to analyse alternative materials. Naturally, for any product, the required criteria are minimised (cost orientation) and in some cases need to be maximised (benefit orientation). Moreover, the knowledge of material are not completely available and comprehensive and so engineering experience will help to rate performance of each material. For instance, wrong decision may often lead to huge cost involvement in selecting material and ultimately drive to irrecoverable damages and defeats Therefore, the material experts and designers must model and build robust framework to reach proper materials with specific functionalities in order to obtain the desired outcome with at least cost involvement and specific applicability. It is explained that various important criteria or attributes such physical properties, electrical properties, magnetic properties, mechanical properties, manufacturing properties (machinability, formability, heat-treatability), material cost, product formation, environmental impact of materials, performance characteristics, availability and so on should be considered in selection process (Girubha and Vinodh, 2012) . Selection of optimal material in the presence of multiple, generally conflicting criteria sounds a typical multi-attribute decision-making (MADM) problem and through that a systematic and efficient approach to material selection is necessary to gain the best fitted materials for a given application (Jahan and Edwards, 2013; Anojkumar et al., 2014) . Outstanding role of MADM techniques has been highlighted through sort of research works in numerous applications and case studies. Previously, many researches had been conducted to report selection of material using classical MADM methods. The popular methods like weighted product method (WPM), technique for order preference by similarity to ideal solution (TOPSIS), Vise Kriterijumska Optimizacija Kompromisno Resenje (VIKOR) method, analytical hierarchy process (AHP), complex proportional assessment (COPRAS) and multi-objective optimisation on the basis of ratio analysis (MOORA) can be recognised in literature (Maniya and Bhatt, 2010; Jahan et al., 2011; Chatterjee et al., 2009; Rao and Davim, 2008; Karande and Chakraborty, 2012; Fallahpour and Moghassem, 2012; Yazdani, 2015) .
Final decision in every multi-attribute problem is affected by many parameters and variables. It is declared also each method has unique structure that differentiates it from the other one. Normalisation procedure in MADM methods is a unique mechanism to convert the different measurement units of the performance ratings into a comparable (non-dimensional) unit. Each MADM method uses a different normalisation procedure (Kaplinski and Tamošaitienė, 2015) . For instance, TOPSIS model (Behzadian et al., 2012) utilises a normalisation tool which is applied to make different objective of criteria comparable. Suppose a different normalisation tool being applied to TOPSIS, then affection of this modification and replacement can be a question. Application of various normalisation tools on material selection process through MADM methods can be found in work of Jahan and Edwards (2015) and Milani et al. (2005) . In other side, effective MADM problems should be verified by possible tests like consistency check, sensitivity analysis, etc. To head with this goal, current paper focuses on material selection problem for hard magnetic materials using new tools as factor relationship (FARE) and weighted aggregated sum product assessment (WASPAS) methods. Therefore, this paper is divided by these sections: Section 2 demonstrates literature review on material selection studies and gives past research in this area, Section 3 provides methodology of FARE and WASPAS, in Section 4 application of material selection is presented and results are validated and discussed. Finally, Section 5 delivers concluding notes and some routes for future projects.
Material selection research review
The history of material selection studies denotes that applying different methods such as Ashby (Reddy and Gupta, 2010; Parate and Gupta, 2011) enhanced the accuracy of solution. Ashby method is famous in screening material priority rather than other existing techniques. However, Ashby method has some shortage when number of variables and parameters increases (Yazdani and Payam, 2015) . Many techniques have been used to solve material selection problem and deliver optimal decision to designers. Contribution of MADM methods is brilliant. Dehghan-Manshadi et al. (2007) addressed a weighting factor approach while combining nonlinear normalisation with a modified digital logic method to release best materials. TOPSIS as a strong and user friendly method has been recommended by academic practitioners. In TOPSIS, the optimum solution should have the shortest distance from positive ideal solution (made up of the best quantity of each criterion regardless of alternatives) and the largest distance from negative ideal solution (made up of the worst quantity of each criterion regardless of alternatives) (Rao and Davim, 2008; Gupta, 2011; Shih et al., 2007) . To choose the most suitable materials for various engineering products the VIKOR method is also utilised due to its easy understanding and simple computation rules . VIKOR generates particular weights stability intervals to make adjustments between preference stability and given weights. It is used when decision experts are not able to explain their preferences in the process of system design. In VIKOR, each alternative is measured based on an aggregate function, so the compromise ranking of alternatives is implemented by comparing the measure of closeness to the ideal solution (Opricovic and Tzeng, 2004; Yazdani and Graeml, 2014; Parthiban et al., 2009 ). Jahan and Edwards (2013) proposed a new version of VIKOR method with a novel normalisation technique based on criteria target values and derived a compromise algorithm for material selection problems. Cavallini et al. (2013) integrated house of quality and comprehensive VIKOR method to develop a novel model for material selection. To select the material for an impellor, a hybrid fuzzy AHP and TOPSIS methods have been developed that finally AISI 4340 was the best material (Jajimoggala and Karri, 2013) . AHP were utilised for material evaluation program as a powerful and flexible decision-making tool to get priorities when both tangible and non-tangible aspects of a decision need to be considered (Dweiri and Al-Oqla, 2006) . Rajan and Narasimhan (2002) employed weighted performance index (WPI) values for material selection of rocket motors. Shanian and Savadogo (2006) applied a non-compensatory compromised approach (ELECTRE IV) for selecting material for a bipolar plate used in a polymer electrolyte fuel cell. Prasad and Chakraborty (2013) solved the material selection problems using quality function deployment (QFD)-based approach which could integrate the voice of the customers for a product with its technical requirements. Khabbaz et al. (2009) advocated a simplified fuzzy logic (Ghasemi et al., 2015) approach to select materials for mechanical engineering designs. It considered both quantitative and qualitative properties of the materials. Maniya and Bhatt (2010) examined three different material selection problems employing preference selection index (PSI) method to help the decision makers for selecting suitable material that would meet the design requirements without deciding the relative importance of the attributes. Using five alternative materials such as polyethylene, polypropylene, acrylonitrile butadiene styrene, polyamide and polystyrene and evaluation criteria such as compressive yield strength, flexural modulus, hardness, Charpy impact strength, elongation and cost, Ilangkumaran et al. (2013) examined fuzzy AHP and PROMETHEE to indicate best materials for manufacturing of automobile bumper. Currently, material selection studies prolonged with new MADM approaches. Authors and engineering experts verified some research projects on material evaluation and selection using grey relational analysis (GRA) (Chan and Tong 2007) , COPRAS and evaluation of mixed data (EVAMIX) (Chatterjee et al., 2011) and (MOORA) (Karande and Chakraborty, 2012) . The critical role of MADM techniques is highlighted more than before and therefore it encourages academic and design centres for more possible works.
Proposed methodology
The aim of the present paper consists of investigating the convenience and performance of the proposed model FARE-WASPAS method for material selection decision-making problems. It is a need for all of the MADM methods to define criteria weight and to express the relative importance of each criterion with respect to the others. This is one of the decisive phases in the accomplishment process that a quantitative measurement about the decision makers' preference is necessitated. Weighting techniques like Delphi, Entropy and AHP are employed by users. In typical MADM model, the criteria weights are generally determined by direct expert opinion.
Step-wise weight assessment ratio analysis (SWARA) is a new one in this category. In this method, an expert has an important role on determination of weights. Next, each expert ranks all the criteria from the first to the last one. An expert uses his or her own implicit knowledge, information and experiences. Based on this method, the most significant criterion is given first ranking, and the least significant criterion is given rank last. The overall ranks to the group of experts are determined according to the mediocre value of ranks (Keršulienė and Turskis, 2011; Zolfani and Bahrami, 2014) . However, in any such case, the precision and accuracy of expert evaluation essentially depends on the number of criteria. When this number is too large, an expert may no longer be able to compare the criteria to determine their relative importance. There are many other ways of weight determination. Some of them are not sufficiently accurate; others are too complicated for practical applications. In this paper, a comparatively new FARE (Ginevicius, 2011) approach is considered which allows determining weights of a large number of criteria based on the relationship between one criterion with the others. Thus, the amount of expert assessment is considerably reduced, while the accuracy of evaluation increases. Application of FARE is very rare in the literature. Pitchipoo et al. (2014) conducted a study to discuss the reasons for the accidents and their weightage using FARE method. WASPAS method, developed in 2012, is a unique combination of weighted sum model (WSM) and weighted product model (WPM) with a high degree of reliability. WASPAS has been mainly used for construction site selection (Turskis et al., 2015) , non-traditional machine tool selection . Researchers have been using WASPAS and trying to increase its applicability. For example, Zavadskas et al. (2013) utilised the MOORA and WASPAS methods for building evaluation and design, Zolfani et al. (2013) assessed shopping malls in Tehran, and Chakraborty and Zavadskas (2014) solved manufacturing decision-making problems to seek the capability of accurately ranking alternatives using WASPAS. The methodology proposed in this paper for material selection for a given engineering application is described below:
Step 1 Mathematical computation of FARE-WASPAS model starts with the identification of the criteria (attributes) and alternatives which influence the decision-making problem. So at first, the material selection attributes for the given engineering application and short-lists materials on the basis of the identified attributes satisfying the application requirements should be identified.
A quantitative or qualitative value may be assigned to each identified attribute. Accordingly a decision matrix (X), as exhibited in equation (1), is developed which shows the performance of different alternatives with respect to various criteria or attributes. 
where m is the number of alternative, n is the number of evaluation criteria and x ij is the performance rating of i th alternative with respect to j th criterion.
Step 2 To have a dimensionless and comparable element in the evaluation process, the next step method computes the normalised decision matrix , ij x as shown below.
For beneficial criteria (for which higher values are always desirable):
For non-beneficial criteria (for which lower values are always desirable):
Step 3 The procedure to determine weights of the attributes using FARE method is described below:
Step 3.1 Determination of the potential impact of the attributes using equation (4) ( 1)
where P is the potential of the system's attribute impact; n is the number of criteria; S is the maximum value of the scale of evaluation, as given in Table 1 .
Step 3.2 Attribute categorising and assessment of interrelationship Attributes are now categorised based on their importance and relationship between the attributes is determined using Table 2 . The attribute of a lower rank has less significant impact on the attributes having higher ranks and consequently, it transfers a larger part of its potential impact to others.
Step 3.3 Determination of attribute impacts on the main attribute:
The impact of attribute a j on the main criterion is then determined and this impact is transferred as follows:
where a j is the impact of j th attribute on the first main attribute; ã j is the part of j th attribute's potential impact transferred to the main attribute.
Step 3.4 Calculate total impact (P j ) -The total impact of any attribute and consistency level of a subset is established based on the data provided in the form of a matrix. The subset considered in the matrix is consistent and stable if the total impact of its attributes with a positive sign is equal to their total impact with a negative sign, i.e., their sum is equal to zero. The total impact P j is calculated using equation (6).
Step 3.5 Computation of total potential (P j ): Now, the total potential required for determining the attributes weights is calculated based on the data presented in the first row of the matrix, thereby making the filling of all other rows of the matrix unnecessary. The following equation is used for determining the total potential.
Step 3.6 Determination of attribute weights (w j ): Finally, the attribute weights are determined using equation (8).
where P S = Total potential of a set of attributes which is found using equation (9) and f j P = actual total impact of the j th attribute of the system calculated using equation (10) .
( 1 0 ) where P j = Total impact produced by the j th criterion of the system or its total dependence on other attributes. To compute WASPAS (Zavadskas et al., 2012) weighted normalised decision matrix these two actions must be performed. The first one is assigned to summarisation process of WASPAS: 
In order to increase the ranking accuracy and effectiveness of the decision-making process, using the WASPAS method, a more generalised equation for determining the total relative importance of the alternatives can be employed:
, ,
(1 )
Finally, the candidate alternatives can be ranked based on the Q -values, i.e., the best alternative would be that one having the highest Q -value. When the value of λ is 0, the WASPAS method coincides with WPM, while for λ = 1, WASPAS corresponds to WSM.
Results and discussion

Material selection using WASPAS for hard magnetic
The case of this study is associated with hard magnetic materials selection based on Alnico alloys which are of great importance because of low cost and high Curie temperature (850°C).These materials include samarium and cobalt-based inter-metallic phases (Chauhan and Vaish, 2012) . In this case, the related criteria that are considered for hard magnetic materials are: maximum operating temperature, C 1 = T max°C , remanence magnetic induction, C 2 = B r , T, coercive magnetic field, C 3 = H c , kAm
, and maximum magnetic energy C 5 = (BH) max , kJm . All these criteria are beneficial which means the maximum value is preferable. Calculation of decision weights needs following procedure provided in Step 3 using equations (4) to (10). First of all the potential impact of the attributes using equation (4) must be determined. In this paper, anonymous material expert helped us to determine initial priority of material criteria. Experts of both case studies have experience in material properties and specifications. All the data has been gathered from original accredited papers and has been confirmed through material engineers. Experts were called to indicate their preference on importance of material criteria. Experts also based on their knowledge tried to deliver qualified response using material handbooks, specific material databases and original and fundamental resources. Potential impact for this paper is determined as 40. For this case, example importance of criteria are targeted as C 3 > C 4 > C 5 > C 2 > C 1 by experts. In addition, experts must determine preference of each pair of criteria. For example priority of C 1 to C 3 is -6, so then priority of C 3 to C 1 automatically is settled 6. Based on 1 1 ,
we should compute attribute impacts on the main attribute. For this case, S = 10 and n = 5. To calculate total impact (P j ) summation of each row should be computed as equation (6) shows. The weights of each criterion will be measured (w) using Table 1 and finally weights of criteria are generated as w 1 = 0.07, w 2 = 0.145, w 3 = 0.32, w 4 = 0.245 and w 5 = 0.22. These weights are one of the inputs of material ranking process. Table 1 FARE weight calculation process for material criteria
Potential impact P = S(n -1) 40
Determine priority of criteria To form a material decision matrix performance or specification of materials with respect to each criterion (second input) is needed. This matrix is exhibited in Table 2 . As seen 24 materials and five criteria composes the initial material matrix. So, this matric should be normalised for the WASPAS ranking process. The normalised matric is calculated using equations (1) and (2 which is shown in Table 3 . Using equations (11) and (12), the summarisation and multiplication matrices of WASPAS are derived which are tabulated in Table 4 and Table 5 , respectively. Ranking of materials is achieved using equation (13) for hard magnetic material selection problem. The list of materials is pictured in Table 6 with Q index and score of materials. Ferrite 4 and Cobalt samarium 4 are the optimal materials using VIKOR and TOPSIS. Applying WASPAS in addition confirms these two materials as best options and indicates a very similar ranking. Spearman correlation coefficient for between TOPSIS and WASPAS is 0.93, while this index for VIKOR and WASPAS is almost 0.97. Given this high correlation it is understood very good agreement between WASPAS and both TOPSIS and VIKOR. 
Validation
This section intends to perform three strategies to validate achieved results of proposed material selection framework. The approaches are:
1 consistency index of WASPAS λ 2 sensitivity analysis 3 putting a new normalisation for WASPAS.
The mentioned strategies to compare ranking values are done to examine robustness and exactness of achieved results. Although in previous section closeness of WASPAS ranking to VIKOR and TOPSIS has been proofed, these validation tests can be helpful to material and design experts. WASPAS has been applied for solving MADM problems to enhance ranking accuracy and it has the capability to obtain the highest accuracy of estimation. It is also quite magnificent to observe that for all parameters, WASPAS method distinguishes the optimal parametric settings of the material selection process. As often being encountered with other optimisation techniques, in WASPAS method, the design engineers would not need to conduct additional experiments to achieve the optimal values. Table 7 demonstrates the stability of WASPAS ranking outcomes using different values of λ. Material position changed very slightly and still high correlation is seen between all the ranking scores. Sensitivity analysis is taken into account in MADM problem to check the flexibility and stability of achieved solution using weights replacement. This task is done for material evaluation process as Table 8 shows. Six random tests are considered for this goal. Again, the robustness of results is confirmed and material ranking are very close to each other especially with the main WASPAS ranking. Final validation strategy attempts to define new normalisation tool for WASPAS. The paper acquires linear normalisation sum-based method involving the following formulas: In these formulas, r ij is the normalised matrix, x ij is the initial performance matric for materials and is the number of candidate materials. By applying this normalisation tool similarity of ranking is confirmed by Spearman correlation coefficient (0.99) to initial WASPAS ranking. Therefore, the tests validate the reliability and robustness of proposed structure for material selection.
Conclusions
Enhancing reliability and quality of engineering design got a deal in most research projects. A product will be produced and utilised if the selection, evaluation and usage of the materials are handled by scientific and knowledge-based formulas and logics rather than conventional and classical models. In this perspective, engineers must perform a big effort to formulate productive and optimal functions and then seek to find the best solution. Executing novel approach for material and design problems is practical action which involves many parameters and variables. In this paper, an attempt is made to validate the applicability and effectiveness of WASPAS method as an effective optimisation tool while solving material selection problem. It is worthy to observe that WASPAS method can efficiently determine the optimal solution. The main advantage of WASPAS method is that it can identify the optimal parametric combination of alternative ranking releasing effective view to prevent engineers with more experiments. Moreover, WASPAS is classified as a mixed method by integration of WSM and WPM, so it is expected to offer more accurate solution better than those single methods. Determining the optimal values of λ can further increase accuracy and effectiveness of this method in the decision-making process. Thus, its suitability as a simple and robust optimisation tool is well proven to be successfully adopted for parametric optimisation of further design objectives. FARE method for first time is employed in material assessment to carefully participate in material weight calculation process. The paper conducted proposed model of FARE-WASPAS in material selection filed and gained appropriate results which have been validated by some useful strategies. For future research projects, this model can be established as for supplier selection, energy system evaluation and construction projects.
